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Description

{0001] Th present invention relates to plastic clo-
sures having a liner at the base of the closure for sealing

- engag ment with the finish of a container, and more par-
ticularly to a method and apparatus for assembling the
liner to the closure.

Background and Objects of the invention

[0002] Plastic closures for containers typically com-
prise a circular base having an integral peripheral skir

with internal threads for engaging extemal threads on -

the container finish. A liner is assembled to the closure
at the closure base for sealing engagement with the an-
nular top surface of the container surrounding the con-
tainer mouth. The liner may be adhesively secured 10
the base of the closure, or may be press fitted into the
closure and retained against the closure base by a bead
or other suilable means on the inside diameter ol the
skirt adjacent to the base. For some product such as
vitamins or instant cofiee, a glassing liner seal is incor-
porated as part of the liner. This glassing inner seal may
be used as a tamper-evident feature. The liner prefera-
bly has a base of vinyl-impregnated laminated pulp con-
struction, a liner membrane of glassine paper construc-
tion, and a thermoplastic adhesive such as wax or butyl
rubber securing the liner membrane to the base. These
: " liners are typically made in long strips and then die cut
tothe appropriate diameter for assembly to the closure.
In‘applications in which the liner is press fitted into the
closure over the closure internal threads and/or liner-
retaihing bead, the periphery of the liner membrane can.
become separated from the liner base. This separation
can be exacerbated 1o the point that the liner membrane
curls and peals front the base, particularly when the
lined closure is subjected 1o humidity cycles (such as
during shipment) before the ciosure is applied to a con-
tainer. Such curling and pealing is unsightly, and can ul-
timately result in the glassine membrane falling out of
the closure. -

[0003] It is therefore a general object of the present
invention to provide a method and apparatus for assem-
bling a liner to a closure in which the liner membrane is
resecured 10 the liner base during or atter the assembly
operation 1o ensure proper sealing wirh the container
finish during use. Another object of the present invention
is lo provide a method and apparatus of the described
character that can be readily implemented in an other-
wise conventional assembly operation with minimum
additional cooling investment, and with little or no reduc-
tion in assembly productivity.

Summary of the Invention

[0004] In accordance with one aspect of the present
invention, there is provided a method of constructing a
lined closure that comprises the step of pressing a liner
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having a circular base, a liner membran and a thermo-
plastic adhesiv securing the liner membrane 10 th -
base, into a closure having a skirt with intemal threads
such that the liner engages and rides over the threads
and is positioned against the intemal base of the clo-
sure. Heat is applied to the finer at or near the periphery
of the finer o as to melt the thermoplastic adhesive and
resecure the liner membrane to the liner base. In this
way, the liner membrane is resecured to the liner base
$0 as to correct any separation between the membrane
and base that might have occurred as the liner was
press fitted into the closure. The steps of pressing the
liner into the closure and applying heat tothe liner so as
to remelt the thermoplastic adhesive may be carried out
either simulianeously or sequentially in accordance with
the invention. The base of the liner is preferably of pulp
composition, the membrane preferably is .of glassine
composition, and the thermoplastic adhesive preferably
comprises wax. The membrane and liner base may be
ol the same outer dizmeler, or the membrane may be
of slightly larger diameter tharthe liner base.

[0005] . Apparatus for assembling a sealing liner toa
plastic closure in accordance with another aspect of the
present invention includes means for holding a closure
in position with a sealing liner disposed therein adjacent:

~ to the base of the closure, a tip for moverent into the

closure for engaging the liner at least around the periph-
ery of the finer, and a heater for heating the tip so as to
apply heat to the liner at least around the periphery
thereof as the liner is held against the base of the clo-
sure. In the preferred implementation of this aspect of
the invention, the apparatus is constructed and ar-

. ranged for press fitting the liner into the closure and ap-

plying heat to the liner so as to resecure the liner mem-
brane to the liner base. The invention may thus be im-
plemented in an existing so-called after-pounder for
press fitting the liner into the closure by providing means
for heating the afier-pounder tip during the assembly op-
eration. In this way, there is minimal additional invest-
ment in capital and no loss of assembly productivity.
[0006] - The after-pounder tip in the preferred embod-
iment of the invention has an annular end for engaging
the finer with a footprint that substantially matches the
footprint or area of sealing engagement with the annular
sealing surface of the container. That is, the outside di-
ameter of the after-pounder lip is preferably equalto the
*E* dimension of the container finish, and the inside di-
ameter of the afler-pounder lip is preferably equalto the
*I* dimension of the container finish. The thermoplastic
wax liner adhesive has a melting temperature of about
150°F. In one presently, preferred implementation of the
invention, the after-pounder tip is heated to 400°F, and
maintained in contact with the liner for about 200 milli-
seconds at 40 psi pressure. i

Brief Description of the Drawings

{0007] The inventior{. together with addiional objects,
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features and advaniages thereof, will be best under-
stood from the following d scription. the appended
claims and thie accompanying drawings in which:

FIG. 1'is a sectioned el vational view of a closure

with sealing liner in connection with which the.

present invention preferably is implemented;

FIG. 2 is a fragmentary view on an enlarged scale
.of the portion of FIG. -1 within the circle 2:

FIG. 3is apanially sectioned elevationai view of ap-
paratus for assembling a sealing liner to a plastic
closure in accordance with a presently preferred
embodiment of the invention;

FiG. 4 is a sectional view taken substantially along
the line 44 in FIG. 3, and ) '

FiG. 5 is a fragmentary sectional view of a portion
of FIG. 3 withthe heated tip closed against a sealing
liner press fitted into a closure.

Detailed Description of Preferred Embodiments

[0008] FIGS. 1 and 2illustrate a closure assembly 10
.as comprisinga plastic closure or cap 12 having circular
base 14 and an inlegral peripheral skin 16. Helical in-
ternal threads 18 are integrally formed on the inside di-
ameter of skirt 16, having one end 20 disposed adjacent
to but spaced from closure base 14. A bead 22 is dia-
metrically opposed to thread end 20 and extends part
way round the inner diameter of skirt 16 at a position
adjacent 10 but spaced from circular base 14 of closure
12. Aliner 24 is disposed within skirt 16 albase 14, being
captured in position by bead 22 and end 20 of threads
18. Liner 24 comprises a base 26 thal is preierably of
layered vinyl-impregnaied pulp composition. A circular
liner membrane, preferably of layered glassine compo-
sition, is secured tobase 26 by a thermoplastic adhesive
layer 30. Layer 30 is preferably of wax composition.
[0009] Liner 24 preferably is die cut from preformed
sheets, with membrane 28 being secured to base 26 by
adhesive layer 30. Membrane 28 may be either of the
same diameter as base 26, or may be of slightly larger
diamater. A liner 24 is then placed over the open end of
a preformed closure 12 with the outer periphery of liner
24 resting on the upper edges of threads 18 (see FIG.
3). The liner is then press fitted over threads 18 and
bead 22 against base 14 of closure 12. During this
press-fit operation, the peripheral edges of liner base 26
and membrane 28 ride over the closure threads and
bead, which can cause the liner membrane to become
separaled from the base. As noled above, such sepa-
ration can result in blistering beneath the liner mem-
brane and pealing of the membrane fromthe base, pai-
ticularly when the closure assembly is subjecied to hu-
midity cycles such as during shipment 1o a bottiing plani.
['0010] FIGS. 3-5 illustrate an apparatus 32 in accord-
ance with a presentiy preferred embodiment of the in-
vention for press fitting a liner 24 into a closure 12, and
for simultaneously resecuring the periphery of the liner
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membrane 1o the liner base against any separation that
may occur during this press-fitting operation. Apparatus
32 comprises a base 34 over which a frame 36 supports
afiuid cylinder 38. The rod 40 of cylinder 38 is threaded
into an attachement shank 42 and secured th retoby a
jam nut 44. A body 46 of heat-conductive construction
such as metal is secured to shank 42 by means of a
circulararray of screws 48, with a heat-insulating spacer
50 being disposed between shank 42 and body 46. A
tip 52 has an intemal bore 54 that is threaded onto the
reduced end 56 of body 48, and has an integral collar
58 that extends thetefrom to form a flat annular end sur-
face 60 for engagement with a sealing liner. Annular end
surface 60 has an internal diameter (FIG. 4) substan-
tially equal to the "I dimension {intemal diameler) of the
container in connection with which the cap is tobe used,
and an outer diameter equal to the "E* dimension (ex-
ternal diameter) of the container finish wall. The footprint
of surlace 60 is thus substantially the same as the {oot-
print of the container sealing surface. Threaded mount-
ing of tip 52 on body 46 permits a rapid change in tooling
in the event that caps of a different diameter are to be
run.

[0011] A thermocouple 62 is disposed within body 46

- adjacent to end 56, and thus adjacent to tip 52 received

thereon. An electric heater 64 extemally encircles body
46, and is responsive to application of electrical energy
from a temperarure control circuit 66 for heating body
46 and tip'52. Temperature control circuit 66 receives a
first signal from thermocouple 62 indicative of the tem-
perarure at body 46 and tip 52, and a second electrical
signal from a variable resistor 68 or other suitable
means for selective operator adjustment of a desired
temperature at body 46 and lip 2. Thus, temperature
control circuit 66 applies electrical energy to heater 64
as afunction of a difference between the actual temper-
ature at body 46 and tip 52 indicated by thermocouple

-62, and the desired temperature indicated by variable

resistor 68. A wax thermoplastic liner adhesive, current-
ly preferred, has a melting temperature of about 150°F.
In such an application, it is currently preferred to set the
temperature of tip 52 at about 400°f. Base 34 has a
pocket 70 for receiving closures 12 to which liners 24
are 10 be assembled. ~

[0012] (n operation, with cylinder rod 40 retracied up-
wardly as illustraied in FIG 3, a closure 12 is positioned
within pocker 70, and a preassembled and precut liner
24 is positioned over closure 12 so as to rest upon the
upper ends of the intemal threads in the closure. Clo-
sures 12 and liners 24 are preterably presented in se-
quence by suitable automated assembly equipment.
Body 46 and tip 52 are maintained at adesired elevated
temperature (e.g. 400°F) by means of temp> erature con-
trol circuit 66. At this point, fluid cylinder 38 is energized
by means of a suitabie control 72 so as to rmove rod 40,
body 46 and tip 52 downwardly against fin r 24 and
press-fit lin r 24 over threads 18 and bead 22 (FIGS. 1
and 2) agains! the base of closure 12. The e tevated tem-
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perature of body 46 andtip 52 remelis th wax adhesive
layer 30 (FIG. 2) in th annular region adjacent to the
periph ry of the fin r so that, as tip 52 is withdrawn by
cylinder 38, the wax layer resolidifies in this r gion so
astos cure membrane 28 firmly against base 24. In the
event that any separation had ocuurred between mem-
brane layer 28 and base 26 during the press-fitting op-
eration, such separation is removed and the membrane
is resecured to the base. Control 72 may be adjusted to
provide a desired pressure against liner 24, preferably
40 psi. Control 72 may also be set to permit tip 52 to
remain in engagement with the liner for a brief dwell pe-
riod, preferably 20 millisecond. Spacer 50 prevents heat
loss from body 46 1o shank 42, which facilitates temper-
ature control at tip 52 and also prevents heating of cyl-
inder 38 and the cylinder control fluid.
[0013] The invention has been disciosed in connec-
tion with FIGS. 1-5 in a presently preferred implemen-
tation in which liner 24 is press-fitted into closure 12,
and the liner thermoplastic adhesive layer is pantially
remetted to resecure the liner membrane to the liner
base, in a single operation. Indeed. the structure illus-
" trated in FIGS. 3-5 may replace the conventional *after-
pounder" conslruction in an automated closure assem-
bly line that merely press-fits the closure liners into the
closure shells. Thus, there is minimum additional capital
expense and little.or no loss in assembly productivity.
Aliematively, liners 24 may be pressed into closure
shells 12 at one stage of operation, and the liner-and-
closure assembly may then be subjected to a heating
and remett operation to resecure the liner membrane to
the liner base in a subsequent stage of operation. It is
also within the scope of the present invention, atthough
not currently preferred, to provide an adhesive layer on
the back side of the liner base for securing the liner to
. the base of the closure shell. :

Ciaims

1. A method of constructing a lined closure that com
prises the steps of: . .

(a) providing a closure having a skirt with inter-
nal threads,

(b) providing a liner that comprises a circular
base, a liner membrane and a thermoplastic
adhesive securing the liner membrane to the
base,

(c) pressing said liner into said closure such

that the periphery of said liner engages and -

rides over said threads, and

(d) applying heat to said liner at or near the pe-
riphery of said liner 0 as 10 melt said adhesive:
and secure said membrane 1o said base.

2. The method set forth in claim 1 wherein said steps
{c) and (d) are carried oul simullaneously.
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3. The method set forth in claim 1 wherein said steps
(c) and (d) are carried out sequ ntiafly. -

4. The m thod sét forth in claim 1 wherein said ther-
moplastic adhesive comprises wax.

5. The method set forth in claim 4 wherein said base
of said liner is of pulp composition. -

6. The method set forth in claim 5 wherein said mem-. .
brane is of glassine composition. '

7. The method set forth in élaim 6 wherein said mem-
brane and said base are of the same _diame?ef.

8. The method set forth in claim 6 whereih said mem-
brane has a larger diameter than said base.

9. Amethodof assemblinga liner o a closure, in which
the liner comprises a circular base, -a liner mem-
brane and a thermoplastic adhesive securing said
membrane to said base, and in which said closure
comprises a peripheral skit with intemal threads,
said method comprising the steps-of: )

(8) pressing said liner into said closure such
that the periphery of said liner engages and
rides over said threads, and

- (b) applying heat to said liner-at or near the pe-
riphery of said liner so as fo melt said adhesive
and secure said membrane to said base.

The method set forth in claim 9 wherein said steps
{a) and (b) are carried out simutaneously.

10.

"11. The method set forth in claim 10 wherein said mem-

brane and said base are of the same diameter.

12. The method set forth in claim 9 wherein said steps
(c) and (d) are carried out sequentially.

13. The method set forth in claim 12 wherein said mem-
brane has a larger diameter than said base.

14. The method set forth in cléim 9 wherein said ther-
moplastic adhesive comprises wax. :

15. The method set forth in claim 14 wherein said base
of said liner is of pulp composition.

16. The melhbd setforth in claim 15 wherein said mem-
brane is of glassine composition.

17. Apparatus for assembling a sealing liner 1o a plastic
closure, which comprises:

means for holding a closure in position with a
sealing liner disposed therein adjacent a base
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of said closure,
m ans for movement into a closure in said hold-
ing means for engaging the lin r at or near the
periph ry of said liner, and
. m ans for heating said ngagingmeans soas $§
to apply heat to said liner at or near the periph-
ery thereof as said liner is held aginst the base
of the closure.

18. The apparatus set forth in claim 17 wherein said en- 10
gaging means comprises a body having an annular
tip of a diameter iess than the inside diameter of
said closure for insertion into said closure against
the liner.

. 15

19. The apparatus set forth in claim 18 wherein said
heating means comprises.an electric heater carried
by said body and operatively coupled to said tip, and
means for applying electrical energy 10 said heater
1o heal said body and said tip. 20

20. The apparatus set forth in claim 19 further compris-
. ing means for regulating electrical energy appfied

to said heater for maintaining a desired temperature
at said tip. - 25

21, The apparatus set forth in claim 20 wherein said
regulating means comprises means carried by said
body and operatively coupled to said tip for supply-
ing a first electrical signal indicative of temperature 30
at said lip means for supplying a second electrical -
signal as a tunction of said desired temperature at
said tip, and means for controlling electrical energy
applied to said heating means as a tunction of a dit-
{erence between said firstand second electrical sig- 35
nals.

22. The apparatus set forth in claim 21 wherein said tip

has a flat annular end surface.
40

23. The apparatus set forth in claim 22 for assembling
a liner lo a closure for a container having a sealing
surface with an inside diameter | and an outside di-
ameter £, wherein said flat annular end surface has
an inside diameler { and an outside diameter E. 45

50
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